The availability of appropriate stimulus material is a key concern for an experimental approach to research on alcohol use disorders (AUDs). A large number of such stimuli are necessary to evoke relevant alcohol-related associations. We report the development of a large stimulus database consisting of 457 pictures of alcoholic beverages and 398 pictures of neutral objects. These stimuli were rated by 18 inpatients hospitalized due to severe AUD and 18 healthy controls along four dimensions: arousal, valence, alcohol-relatedness, and craving. Physical parameters of the pictures were assessed.
| INTRODUCTION
To advance insight into the processes important for the development, maintenance, and therapy of alcohol use disorders (AUDs), scientists often adopt an experimental approach. While external and ecological validity in experimental studies are limited by nature, the use of appropriate stimulus material can ensure that this limitation is kept to a minimum. Appropriate stimuli thus activate the processes under investigation in a manner as naturalistic as possible and allow for the control of extraneous variables that are not of interest, thus improving internal validity. Experimental research on AUD requires adequate stimulus material to mimic alcohol-related cues that patients may encounter in real-life situations. It has been shown that alcohol-related stimuli activate addiction-related processes and provoke a variety of behavioral (Wiers et al., 2007) , cognitive (Miller & Fillmore, 2010) , physiological (Buckman, White, & Bates, 2010; Eddie et al., 2013) , and neurophysiological (Dickter, Forestell, Hammett, & Young, 2013; Grüsser et al., 2004; Heinz et al., 2007; Myrick et al., 2008; Vollstädt-Klein et al., 2011; Wrase et al., 2007) responses. These responses differ between patients and healthy controls and are potentially crucial for the development and maintenance of AUD.
Generally, alcohol-related pictures are among the most commonly used stimuli in AUD research. Pictorial stimuli have been argued to have higher ecological validity than words (Kreusch, Vilenne, & Quertemont, 2013) . At the same time, they are easier to establish, to implement in experimental paradigms, and to control than other stimuli, such as videotaped scenes of drug use (Garavan et al., 2000) or olfactory cues (Grüsser, Heinz, & Flor, 2000) .
However, not all (pictorial) stimuli that have been used in AUD research so far have met the requirements for stringent experimental investigations in clinical settings. To be of value in experiments devoted to clinical alcohol research, stimuli have to be clinically valid.
At the same time, these stimuli have to be standardized and controlled for confounding factors. First, they should efficiently represent real-life differences in perceived alcohol-relatedness and the craving response.
In contrast to Pronk et al. (2015) , differences between subject groups are not imperative to establishing stimulus validity. In this view, stimulus validity stems from the stimulus characteristics exerting main effects on the attributes of concern (craving and alcohol-relatedness), rather than from subject characteristics.
In the absence of an appropriate database of validated stimulus material, research has often drawn upon a variety of less-validated resources, such as pictures from advertisements or Internet databases (Kreusch et al., 2013; Tapert et al., 2003) . Such stimuli are insufficiently validated and are not adequately controlled with regard to their objective and subjective characteristics. Some research groups have undertaken the effort to develop standardized alcohol-related stimuli for use in experimental tasks. For instance, Wrase et al. (2002) have developed alcohol-associated cues to assess neuronal cue-reactivity. Patients with AUDs and control subjects rated the alcohol-relatedness, arousal, and valence of 32 alcohol-related pictures, 18 pictures of non-alcoholic beverages, and 10 neutral stimuli. The groups did not differ in their ratings of arousal or valence evoked by the alcohol-associated and the affectively neutral stimuli, while non-alcoholic beverages were rated as more unpleasant and more arousing by patients with AUDs.
Although Wrase et al. (2002) validated neutral as well as alcoholrelated stimuli in subjects with AUDs as well as in controls, the small number of stimuli and the absence of objective stimulus descriptions (e.g. luminance) limit the use of their cues in experimental research requiring large numbers of physically standardized stimuli. Stritzke, Breiner, Curtin, and Lang (2004) developed and evaluated pictures of 18 alcoholic beverages and 12 non-alcoholic beverages, as well as other appetitive cues, in the Normative Appetitive Picture System (NAPS). During the evaluation procedure, undergraduate students rated the pictures with respect to arousal, as well as the intensity of the wish to consume (approach) or to avoid consuming (avoidance). Arousal ratings for the alcohol-related cues increased as a function of drinking experience across abstainers, light drinkers, and heavy drinkers. Furthermore, drinking experience was also positively associated with approach ratings (i.e. craving) for alcohol cues.
This fine-grained examination advances our knowledge about the associations between stimulus types, individual reactions, and substance use history. Nevertheless, this information may only be of limited value for clinical AUD research, as the study population contained no patients with AUDs, but was composed of only young high-functioning university students. Billieux et al. (2011) used the emotional pictures validation procedure (Lang, Bradley, & Cuthbert, 2008) to develop a set of 60 alcoholrelated pictures, called the Geneva Appetitive Alcohol Pictures (GAAP).
Risky drinkers and non-risky drinkers did not differ in their ratings of valence. However, risky drinkers rated pictures of alcoholic beverages as more arousing compared to non-risky drinkers. While the GAAP provides a large number of alcohol-related stimuli, a direct comparison with non-alcohol-related (neutral) stimuli is lacking. This limits the use of GAAP stimuli in experimental settings in which both alcohol-related and neutral stimuli are required to create different experimental conditions. Moreover, the sample included risky drinkers, but not inpatients with clinical AUDs. This restricts the generalization of stimulus validation results to non-clinical populations.
In an attempt to create standardized stimulus material for use in a non-drinking population, Pulido et al. (2010) recruited healthy young non-drinkers and asked them to rate 60 pictures of alcoholic beverages and 60 pictures of non-alcoholic beverages. In this sample, the arousal ratings did not differ between picture types, but pictures of nonalcoholic beverages tended to be rated more pleasant than those of alcoholic beverages.
More recently, Pronk et al. (2015) presented the Amsterdam Beverage Picture Set (ABPS), which was established through a procedure in which heavy and light drinking psychology students completed rating and recognition tasks on 96 pictures. Here, compared to light drinkers, heavy drinkers reported a stronger urge to drink in response to the alcohol-related pictures. Apart from the fact that the validation procedure was limited to a non-clinical sample, the ABPS is a wellvalidated picture set, and makes a valuable contribution to future alcohol research and cognitive bias measurements.
While these studies represent good examples of reasonable validation procedures resulting in the creation of valuable stimulus databases, none of them fulfills all of the requirements for experimental AUD research as described earlier. Most importantly, none of the studies provides a pool of both alcohol-related and neutral stimuli (validated in healthy subjects and patients with clinical AUDs) that is large enough to avoid repetition effects in studies requiring repeated measures and/or high numbers of trial presentations. As mentioned earlier, this also limits the possibility of extracting individualized subsets of stimuli based on individual participants' characteristics, such as drinking context or drinking history.
The present report puts forward a comprehensive validation of a large database of alcohol-related and neutral pictorial stimuli.
Alcohol-related stimuli consisted of photographs of alcoholic beverages. Neutral stimuli consisted of photographs of everyday objects.
Pictures of non-alcoholic beverages were excluded, as they may unintentionally trigger associations with alcoholic drinks (i.e. a picture of a Coke may evoke the cocktail whiskey and Coke), and because neutral beverages seem to be rated differently by patients with AUDs and healthy controls (Wrase et al., 2002) . To maximize the value of this database for use in clinical settings, inpatients with AUDs who were hospitalized due to severe alcohol addiction rated the stimuli along with healthy controls. A rigorous stimulus standardization procedure was carried out to account for subjective, as well as objective, stimulus characteristics.
All pictures used in the present study, as well as a dataset describing each picture's properties (valence, arousal, craving, alcohol-relatedness, visual complexity, luminance, and brightness in three red-green-blue [RGB] color channels), may be requested from the corresponding author for use in future studies.
| METHODS

| Subjects
All pictures were viewed and rated by 18 inpatients with AUDs and 18 healthy controls. All patients (nine male, nine female; mean age 39.6 years, range 25-57) were recruited during inpatient treatment at the University Hospital of Psychiatry in Bern. At the time of the study, all patients had undergone detoxification and had been abstinent for at least six days (mean 32.9 days, range 6-100). Abstinence was checked by random alcohol testing of breath and urine. All 
| Stimulus material
All pictures were captured by the authors using a Fujifilm F440 or a Sony DSC-P92 digital camera. Out-of-focus pictures were excluded after a first visual inspection and quality control. Finally, 855 pictures were generated and included in the rating procedure (see Figure 1 for examples).
Almost all neutral and alcohol-related pictures were inanimate.
| Alcohol-related stimulus material
A total of 457 pictures showing alcohol-related objects were generated and included in the rating procedure ( Figure 1A 
| Neutral stimulus material
Overall, 398 neutral pictures were generated ( Figure 1B 
| Study procedure
The study procedure was approved by the cantonal ethics committee.
After informed consent, all participants were asked to fill in the AUDIT (Babor et al., 2001 ) and the Brief Symptom Inventory (BSI) -German Version (Franke, 2000) . During the rating procedure, the 855 pictures were presented in four blocks of 212 to 215 pictures. The subjects were allowed to take breaks between blocks if needed. The two picture types were distributed equally across the four blocks. The presentation order of the four blocks was balanced across subjects to control for order effects. Within each block, the presentation order of the pictures was randomized. A short exercise trial before the rating procedure was used to familiarize the participants with the computerized task and the rating scales. Each picture was rated for arousal, valence, alcohol-relatedness, and craving (see section 2.4).
| Subjective ratings
Valence and arousal were assessed using the Self-Assessment Manikin (SAM; Bradley & Lang, 1994) , a non-verbal pictorial assessment technique that directly measures valence and arousal associated with a person's affective reaction to the presented stimulus. Possible SAM scores range from one to five. Higher scores represent more arousal and more positive valence on these scales. Alcohol-relatedness and craving were measured using an 11-point Likert scale, with scores ranging from 0 to 10. Here, higher scores represent greater alcoholrelatedness or greater craving. Figure 2 shows the sequence of steps used in the rating procedure. At first, a white screen with a black frame was presented for half a second to guide the participant's attention to the place where the picture was to be presented. The picture was then presented by itself for two seconds before the four questions and the rating scales were subsequently displayed below the picture. In this manner, the following four questions were answered for every picture: Note that in the Results and Discussion section, we use the fourth question ("How strong is your wish/urge to drink alcohol?") as an assessment of craving. Alcohol craving describes an emotionalmotivational state corresponding to a subjective feeling of a strong desire or need to consume alcohol in patients with AUDs. Craving is a technical term in addiction medicine and research and -conceptually -is a marker of alcohol-related disorders. Therefore, by definition, it is not supposed to be observable in a healthy population. While fully aware of this fact, we nevertheless chose to refer to both groups' FIGURE 2 Sequence of the rating procedure (patients and controls) ratings of question 4 as "craving," as using the same term for both groups was deemed to improve reader understanding.
| Diagnostic questionnaires
The AUDIT (Babor et al., 2001 ) is a simple, 10-question screening method for excessive drinking and was employed in the present study to detect potentially risky alcohol-drinking behavior in the control group. It was also used to quantify alcohol consumption and to assess addiction severity (Lundin, Haligren, Balliu, & Forsell, 2015) in the patient group.
AUDIT scores can range from 0 to 40, with scores higher than eight indicating a potential alcohol use problem (Reinert & Allen, 2002 . Healthy controls with scores higher than 8 were excluded from this study. Because the patients with AUD were abstinent at the time of the study and were in a protected environment, they were requested to evaluate their general alcohol behavior during the period before their admission to the hospital.
The BSI (Derogatis, 1992) , German version (Franke, 2000) , a selfreport scale assessing psychopathological symptoms, was used in the present study to describe the level of psychological distress in our sample. The BSI yields nine subscales (e.g. depression, anxiety, psychoticism), as well as three global indices capturing global psychological distress. The Global Severity Index (GSI) is an index of general psychopathology. GSI values (T-values) of ≥63 are considered to be clinically relevant (Franke, 2000) .
| Physical parameters
In addition to the rating procedure, luminance and color (red-, green-, and blue-values) of all pictures were assessed using a MATLAB® script. Furthermore, because spatial frequency can be seen as an index of perceptual complexity (Bradley, Hamby, Low, & Lang, 2007) , the visual complexity of every picture was assessed by spatial Fast Fourier Transform (FFT) using a MATLAB® script. 
| Scrambled pictures
From every alcohol-related picture, a corresponding scrambled picture was composed. Scrambled pictures were computed by electronically cutting up the picture into small blocks of 3 × 3 or 4 × 3 pixels and then randomly reassembling them. Scrambled alcohol-related pictures and the original alcohol-related pictures are thus perfectly matched with respect to luminance. Scrambled pictures were not subjected to the rating procedure, but can be obtained from the corresponding author if needed.
| Statistical analysis
Data was analyzed using IBM Statistical Package for the Social Sciences 20/22 (SPSS©). Because AUDIT values, rating values, and physical parameters were not normally distributed (tested using the Kolmogorov-Smirnov test, all p ≤ 0.05), statistical comparisons of the subjective ratings (arousal, valence, craving, and alcohol-relatedness) and the physical parameters (luminance, color, and visual complexity) were done using the Mann-Whitney U test.
| RESULTS
| Diagnostic questionnaires
As expected, there were significant differences in AUDIT and BSI scores between patients and healthy controls (Table 1) , with patients with AUD having higher scores on both questionnaires.
| Subjective ratings (arousal, valence, craving, and alcohol-relatedness)
Group comparisons between patients with AUDs and healthy controls indicated that neutral pictures evoke significantly more craving and more alcohol-relatedness in patients with AUDs than in controls.
Although not significant, there was a tendency for alcohol-related pictures to evoke stronger arousal and craving in patients with AUD than in healthy controls (see Table 2 ).
Comparisons between alcohol-related and neutral pictures indicated that in all subjects, alcoholic pictures evoked higher arousal, were more alcohol-related, evoked more craving, and had more negative valences compared to neutral pictures (Table 3 ).
| Outlier removal
To supply future researchers with a set of stimuli of ensured validity, we removed outliers from our original set of 855 pictures. An alcoholic picture was considered an outlier if its result on the craving scale was lower than the maximal craving results of the neutral pictures or if its rated alcohol-relatedness was 2.6 standard deviations below the mean of all alcohol-related pictures. A neutral picture was considered an outlier if its result on the craving scale was higher than the minimal craving results of the alcoholic pictures or if its rated alcohol-relatedness was (thus a total of 831 pictures) remained in the data pool. In this final data set, the mean rating values of the alcohol-related pictures still indicated significantly higher arousal, more craving, more alcoholrelatedness, and more negative valences than those of the neutral pictures (Table 3) .
| Physical parameters
We assessed the physical parameters (luminance, complexity, and color values for red, green, and blue) of pictures in our final stimulus set (N = 831 after outlier removal). Table 4 shows the differences in these parameters between alcohol-related pictures and neutral pictures before corrections for luminance and color. Note: MD = median; SD = standard deviation; alcpic = alcohol-related pictures; neupic = neutral pictures; Alc. rel. = alcohol-relatedness. U Test (two-tailed) with p corrected for multiple comparisons. *p corrected < 0.05 (i.e. p < 0.001). parameters were assessed and controlled for in a single validation procedure. Based on our definition of stimulus validity, we required that alcohol-related and non-alcohol-related (neutral) stimuli consistently produce differences in perceived alcohol-relatedness and craving (but see Pronk et al., 2015 , for a different operationalization).
Both criteria were met by the stimuli under investigation: pictures of alcoholic beverages evoked significantly higher craving and were clearly rated as more alcohol-related than neutral stimuli. These analyses were conducted using ratings from both groups (patients and controls). It may however be of interest to researchers aiming to use this stimulus set in clinical populations that both criteria were also met when only patient data were considered in the analyses.
The resulting large database allows for not only the selection of specific alcohol-related pictures (different types of drinks and alcohol-related contexts individualized for each patient), but also for the composition of multiple comparable but non-overlapping stimulus sets to avoid repetition effects. This is an important advantage for neurophysiological studies (Luck, 2014; Myrick et al., 2008) . Moreover, the fact that inpatients with severe AUDs and long drinking histories provided ratings of subjective stimulus features makes the stimulus set particularly suited for clinical investigations. The earlier features of the database indicate that its use will lead to a reliable estimation of cue-related processes in patients.
In a comparison of the ratings of alcohol-related versus neutral photographs, several picture type differences were found. Pictures of alcoholic beverages were -as expected -rated as much more alcohol-related than neutral pictures. Furthermore, alcohol-related pictures provoked stronger craving and higher arousal and were rated as more negative than neutral pictures. These results are in accordance with earlier studies that also compared the alcohol-relatedness (Wrase et al., 2002) , valence (Ihssen, Cox, Wiggett, Fadardi, & Linden, 2011; Pulido et al., 2010) , and arousal (Ihssen et al., 2011 ) of alcohol-related pictures to those of neutral pictures. However, other studies have not observed significant differences in arousal ratings (Pulido et al., 2010) .
The divergent results concerning arousal ratings may be due to differences in the study population (non-drinking individuals versus heavy drinkers versus clinical population) or the control condition (non-alcoholic beverages versus neutral objects, excluding beverages).
In addition to the main analyses focusing on picture type comparisons to establish stimulus validity, we conducted an exploratory comparison of the two participant groups. When comparing the subjective ratings from patients with AUDs to those of healthy controls, only small or no between-group differences emerged. This is consistent with earlier studies reporting similar valence (Billieux et al., 2011; Ihssen et al., 2011; van Duijvenbode, Didden, Bloemsaat, & Engels, 2012; Wrase et al., 2002) and arousal (Ihssen et al., 2011; Wrase et al., 2002) ratings by individuals with and without a history of alcohol use-related problems. However, in the study by Billieux et al. (2011) , risky drinkers rated pictures of alcoholic beverages as more arousing compared to non-risky drinkers.
Comparing craving and alcohol-relatedness ratings between the participant groups, we observed no significant differences between the alcohol-related pictures. Even if the patients with AUDs reported slightly more craving than controls when looking at alcohol-related pictures, this effect was very small (Cohen's d = 0.11). Previous studies (Pronk et al., 2015) reported larger effects when comparing the urge to drink in response to alcohol-related pictures in (highly functioning) heavy drinkers vs. light drinkers. This divergence may be due to differences in the populations providing the ratings (light and heavy drinking psychology students in the Pronk study versus inpatients with severe
AUDs and healthy controls in the present study). It is possible that inpatients with severe AUDs taking part in an abstinence-oriented treatment react with emotional downregulation or social desirability responses to alcohol-related pictures. The comparably high standard deviation in our patient group is in line with the assumption that this may be the case at least in a part of our patient group (see also limitations). When looking at neutral pictures, patients with AUDs experienced more craving than healthy controls and rated the neutral Note: physical parameters were analyzed after outlier removal and thus only describe the final stimulus pool containing 831 pictures. N = number of pictures; MD = median; SD = standard deviation; Com = complexity; Lum = luminance; Gre = brightness in the green channel; Blu = brightness in the blue channel. U Test (two-tailed) with p corrected for multiple comparisons. *Indicates p corrected < 0.05 (i.e. p < 0.01).
pictures as more alcohol-related than the healthy controls did.
However, this finding has to be interpreted in light of the generally very low self-reported craving and the extremely low alcoholrelatedness scores of the neutral pictures. Most likely, it resulted from the fact that some patients with AUDs perceived alcohol-related aspects even in the neutral pictures. The earlier finding may also be because patients with AUDs were generally more activated in terms of alcohol cue-reactivity during the trials.
Taken together, the results from our rating procedure indicate differences between picture types but not between groups. Although one might argue that the similarity of the ratings by the patients with AUDs and those by healthy controls limits the face validity of the stimulus set, the absence of group effects indicates that the stimuli are comparable between groups. The good comparability of the stimuli would be an advantage in future (neurophysiological) studies.
The fact that the validation of the pictures was based on selfreports and did not include additional physiological measurements is a limitation of this study, as some participants' responses may have been biased by social desirability. Furthermore, patients with AUDs could have learned during treatment to react with avoidance or emotional downregulation after a first appetitive reaction to the alcohol-related pictures. In future research, it could be very interesting and revealing to complement the present ratings with neurophysiological or psychophysiological measurements, such as skin conductance responses. Moreover, the lack of personalization of stimulus sets on the basis of a participant's drinking preferences can be considered a limitation (Tapert et al., 2003) . In our study, all participants evaluated all pictures, irrespective of the match between their drinking preference and the beverage type depicted and it can be assumed that the patients' ratings varied with the extent of this match. This effect may be one reason for the rather low median of the craving ratings found here. In spite of this limitation, we chose the present procedure as an initial validation, as it allowed us to establish a large, evaluated database from which personalized sets can be composed in future studies.
As mentioned earlier, participants were recruited during inpatient treatment at the University Hospital of Psychiatry and had diverse comorbidities, which may have had an influence on their subjective stimulus ratings. At the same time, this heterogeneity within the patient sample represents a good approximation of clinical reality, where most patients with AUDs suffer from comorbid disorders. The present patient sample was carefully evaluated and diagnosed as having severe AUDs, so that the present findings hold especially true for populations with relatively long histories of alcohol consumption and alcohol-related problems. It is likely that cognitive processes differ in dependence of the duration of the drinking history (Kreusch et al., 2013) . The present results thus do not apply without constraint to light or social drinkers, binge-drinkers, or adolescents. Finally, the small sample size is a limitation of our study, as only a relatively small number of participants rated the subjective characteristics of the stimuli. This may have limited the detection of statistically significant differences between groups and the generalizability of the present findings. Future studies, especially those concerned with betweengroup effects, should include larger samples of patients with AUDs.
In summary, the presented database contains a large number of alcohol-related and neutral pictures. These pictures are not only validated with respect to relevant subjectively rated affective and perceptual properties, but have also been well described regarding their physical parameters. All pictures, together with a dataset containing the rating values (valence, arousal, craving, and alcoholrelatedness), as well as the physical parameters (visual complexity, luminance, and RGB values), can be obtained from the corresponding author. This will allow interested researchers to choose the most appropriate stimuli for their specific objectives. We hope that these stimuli make a valuable contribution to future research on the development, maintenance, and therapy of AUDs.
